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Summary  Disinfectants  for  foot-and-mouth  disease  were  sprayed  on  livestock
barns  and  roads  from  early  February  to  May  2011.  Although  90%  of  the  disinfect-
ant  was  concentrated  on  the  roads,  10%  was  sprayed  on  cattle  sheds  and  other
sites  where  foot-and-mouth  disease  occurred.  Since  the  outbreak  of  foot-and-mouth
disease  in  November  2010,  there  has  been  a  steady  increase  in  disinfectant  use.  Con-
sequently,  its  adverse  environmental  effects  have  prompted  government  ofﬁcials  to
take  preventive  measures.  The  major  chemical  components  of  the  disinfectants
are  citric  acid,  potassium  sulfate  base  complex,  quaternary  ammonium  compound,
malic  acid,  and  glutaraldehyde,  ranging  in  amounts  from  tons  to  hundreds  of  tons.
The  exact  amount  of  each  component  of  the  disinfectants  could  not  be  identiﬁed
because  the  types  of  components  used  in  the  different  commercial  formulations
overlapped.  In  this  review,  we  obtained  information  on  disinfectants  that  are  widely
used  nationwide,  including  the  types  of  major  chemical  components  and  their
respective  toxicities  (both  human  and  ecological).
©  2013  King  Saud  Bin  Abdulaziz  University  for  Health  Sciences.  Published  by  Elsevier
Ltd.  All  rights  reserved.
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Introduction
Foot-and-mouth  disease  is  a  highly  communicable
disease that  affects  cattle,  swine,  sheep,  goats,
deer, and  other  animals.  It  is  characterized  by
fever and  blister-like  lesions  and  erosions  [1].  Foot-
and-mouth  disease  is an  OIE  list  a disease  (OIE
Animal Health  Code,  OIE  bulletin),  meaning  that
it is  a  transmissible  disease  that  is  considered
to be  of  socio-economic  importance  within  some
countries  and  has  a  signiﬁcant  impact  on  interna-
tional trade  [2]. Between  November  2010  and  the
summer  of  2011,  in  the  Republic  of  Korea,  203
cases of  foot-and-mouth  disease  have  occurred,
and more  than  3,500,000  cattle  were  buried  at
4500 burial  sites  (82  districts  in  12  cities  and
provinces). The  Korean  government  tried  to  contain
the expansion  of  foot-and-mouth  disease  shortly
after  the  outbreak  at  the  end  of  2010,  but  the
cold weather  (below  0 ◦C)  froze  the  diluents  used
for the  disinfectants.  Therefore,  the  diluted  dis-
infectant  could  not  be  sprayed  until  the  end  of
January  2011.  A  survey  of  the  disinfectants  was
performed  by  the  local  self-governing  body  and
Figure  1  Map  showing  the  foot-and-mouth  disinfectant-
sprayed  areas  in  the  Republic  of  Korea  (South  Korea).
v
r
i
s
1
h
s
T
f
D
d
t
d
p
H
t
t
t
2
J
a
s
t
a
m
s
f
t
A
w
aH.-M.  Kim  et  al.
he  Korea  Animal  Pest  Control  Association  from
eptember 2010  to  May  2011.  The  employed  disin-
ectants  weighed  more  than  5000  tons.  The  largest
mount  of  disinfectant  was  sprayed  around  Gyeong-
uk Province  (1228  tons),  followed  by  Gyeonggi
rovince (1150  tons),  Chungbuk  Province  (984  tons),
heonam Province  (895  tons),  Chungnam  Province
388  tons),  Gyeongnam  Province  (176  tons),  Gang-
on Province  (94  tons),  Incheon  City  (84  tons),
lsan City  (47  tons),  Cheonbuk  Province  (40  tons),
eoul City  (12  tons),  Busan  City  (7  tons),  and  Daegu
ity (6  tons)  (Fig.  1).  Foot-and-mouth  disease  is
aused by  a  single-stranded  RNA  virus  of  the  genus
phthovirus  (family  Picornaviridae)  that  affects
loven-footed  animals  [3]. Foot-and-mouth  disease
irus (FMDV)  is  highly  contagious  and  causes  severe
orbidity  and  mortality  in  livestock  [4].  Disin-
ection  during  an  outbreak  can  prevent  the  virus
rom spreading  [5]. FMDV  does  not  have  an  outer
embrane and  therefore  is  destroyed  rapidly  in
onditions  below  pH  5.0  and  above  pH  11.0.  If  the
irus is  exposed  to  an  environment  of  60%  or  less  of
elative humidity  or  is  contained  for  30  min  at  56 ◦C,
ts viability  is  drastically  decreased.  There  are
even  types  of  FMDV:  A,  O,  C,  SAT1,  2,  3,  and  Asia
 [6].  The  development  of  molecular  techniques
as enabled  the  characterization  of  individual  virus
trains [7].
ypes of disinfectants for
oot-and-mouth disease
isinfectants  are  typically  diluted  several  hun-
red to  1000-fold  when  they  are  dispersed  in
he environment.  In  this  procedure,  the  usual
iluted disinfectants  may  be  neutralized  and  the
H effects  of  the  disinfectants  may  be  minimized.
owever, the  temperature  is  highly  critical  for
he time  period  during  which  the  diluted  disinfec-
ants are  effective.  Usually,  the  effectiveness  of
he disinfectants  is  decreased  below  15 ◦C  or  above
0 ◦C.  Furthermore,  the  temperatures  in  December,
anuary, and  February  were  below  0 ◦C  in  Korea,
nd the  water-diluted  disinfectants  could  not  be
prayed properly  because  they  were  frozen.  Thus,
he initial  attempt  to  halt  the  spread  of  foot-
nd-mouth disease  failed.  However,  beginning  in
id- February,  the  disinfectants  were  sufﬁciently
prayed on  livestock  barns  and  roads.  Since  then,
oot-and-mouth  disease  was  gradually  eradicated  in
he spring  (March,  April,  and  May)  and  disappeared.
 total  of  176  commercially  available  disinfectants
ere approved  by  the  Korea  National  Animal  Plant
nd Fisheries  Quarantine  and  Inspection  Agency
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anvestigation  of  disinfectants  
otice  No.  2007-27.  These  products  were  cate-
orized as  acidic  agents  (44  products),  aldehyde
gents (48  products),  oxidizing  agents  (76  prod-
cts, 44  oxygen-based,  and  32  chlorine-based),
nd basic  agents  (8  products).  The  top-ranked  18
roducts consisted  of  acidic  agents  (11  products),
ldehyde agents  (3  products),  and  oxidizing  agents
4 products)  (Bahnemann,  1990;  Coates,  1993).
he acidic  agents  contain  citric  acid,  malic  acid,
cetic acid,  sulfuric  acid,  and  sulfamic  acid,  while
he oxidizing  agents  contain  sodium  hypochlorite
nd hydrogen  peroxide.  Acidic  agents  include  cit-
ic acid  (0.2—2%)  and  acetic  acid  (2%),  which  are
ixed  with  detergents  or  surfactants.  Two  basic
gents,  sodium  carbonate  (4%)  and  sodium  hydrox-
de (2%),  were  used.  Both  agents  are  cheap  and
uitable  for  environments  that  require  the  disin-
ection  of  large-scale  organic  matter.  For  animal
arcasses, soil  sterilization  and  cattle  barns  with-
ut livestock,  basic  agents,  such  as  calcium  oxide
nd sodium  hydroxide,  are  used  as  disinfectants.
owever, they  are  highly  corrosive  and  should  not
e used  for  aluminum  products,  such  as  car  wheels.
ldehyde agents  contain  formaldehyde  and  glu-
araldehyde.  The  effect  of  the  aldehyde  agents  is
educed at  temperatures  above  20 ◦C,  and  oxidizing
gents are  active  at  15—20 ◦C.  Formaldehyde  (8%)
nd glutaraldehyde  (1—2%)  are  aldehyde  agents
ith good  affectivity,  but  they  are  too  expensive
nd toxic  to  use  in  bulk.  Oxidizing  agents,  such
s hypochlorite  and  sodium  dichloro-isocyanate,
estroy  virus  proteins  through  oxidation  reactions.
hese oxidizing  agents  are  chemically  unstable  in
n aqueous  solution  at  15—20 ◦C.  We  discovered  the
ypes of  chemical  components  that  are  included  in
he 176  widely  sprayed  disinfectant  products  that
ere used  to  contain  the  FMD  outbreak.  We  ranked
hem by  summing  the  total  amounts  of  chemical
omponents in  the  176  disinfectant  products.  The
ajor chemical  components  in  the  disinfectants
ere citric  acid,  potassium  sulfate  base  complex,
uaternary ammonium  compound,  malic  acid,  and
lutaraldehyde  (from  tons  to  hundreds  of  tons),
ut the  exact  usage  amounts  could  not  be  identi-
ed because  the  component  species  overlapped  the
ommercial  formulations  in  the  disinfectant  prod-
cts.
azards of the components in the
isinfectants for foot-and-mouth diseasehe  toxicity  of  individual  chemical  components
n the  disinfectant  formulation  was  investigated
y using  several  toxicity  databases,  including  the
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oxicology  Network  Database  (TOXNET),  National
oxicology  Program  Database  (NTP),  Ecotoxicology
atabase (ECOTOX),  United  States  Environmental
rotection Agency’s  Integrated  Risk  Information
ystem Database  (IRIS),  and  literature  searches.
he ecological  properties  (ﬁsh  acute  toxicity,  daph-
ia toxicity,  and  algae  toxicity)  and  health  effects
acute  oral  toxicity,  acute  dermal  toxicity,  acute
nhalation  toxicity,  bacterial  mutation  test,  chro-
osome aberration  test,  and  micronucleus  test)
f 60  chemical  components  were  summarized
Table  1).  The  results  showed  that  the  disinfectants
nclude several  toxic  chemical  components,  includ-
ng sulfuric  acid,  phenol,  cresol,  glutaraldehyde,
ormaldehyde,  hydrogen  peroxide,  benzalkonium
ompounds, methyl  benzyl  ammonium  chloride,
nd xylene.
Citric  acid  has  low  acute  toxicity,  and  the  no
dverse effective  level  (NOAEL)  for  the  repeated
ose toxicity  in  rats  is  1200  mg/kg/bw/day  and
500 mg/kg/bw/day  for  the  reproductive  toxicity
f rats  [8]. Citric  acid  caused  irritation,  particu-
arly of  the  eyes  but  also  the  respiratory  pathways
nd skin.  Citric  acid  showed  no  genotoxicity  in  an
almonella  typhimuriuma  reverse  mutation  assay
9]. Because  of  its  physicochemical  characteris-
ics, citric  acid  is  highly  mobile  in  the  environment
nd is  rapidly  degraded  in  sewage  works,  surface
ater, and  soil  [10]. Citric  acid  has  low  acute  tox-
city for  freshwater  ﬁsh,  daphnia,  and  algae  [11].
ulfuric acid  is  corrosive  to  the  skin,  eyes  and
ucous membranes,  and  a  10%  solution  of  sul-
uric acid  does  not  appear  to  be  a skin  irritant.
ulfuric acid  is  a strong  mineral  acid  that  readily
issociates in  water  to  sulfate  ions  and  hydrated
rotons and  is  totally  miscible  with  water  [12];  its
Ka is  1.92  at  25 ◦C,  and  at  pH  3.9,  the  dissocia-
ion is  99%.  Therefore,  at  environmentally  relevant
oncentrations,  sulfuric  acid  is  totally  dissociated;
ulfuric acid  will  not  absorb  on  particulate  mat-
ers or  surfaces  and  will  not  accumulate  in  living
rganisms [13]. Soluble  silicates  have  undergone  a
umber of  repeated  dose  studies  with  exposures
anging from  28  to  180  days  [14]. The  NOAELs  of
odium  metasilicate  were  227—237  mg/kg/bw/day
or rats  and  260—284  mg/kg/bw/day  for  mice.
n vitro  soluble  silicates  did  not  induce  gene
utations in  the  bacteria  and  was  negative  in
acterial reverse  mutation  assays  with  Escherichia
oli, Bacillus  subtilis  and  S.  typhimurium  [15].
cute toxicities  of  silicates  in  ﬁsh,  invertebrates
nd algae  are  low,  with  the  LC50 (50%  lethal
oncentration)  and  EC50 (50%  effective  concen-
ration) between  210  and  1700  mg/l.  The  sodium
odecyl benzene  sulfonate  molecule  contains  an
romatic ring  that  is  sulfonated  at  the  para  position
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Table  1  Toxicity  of  major  chemical  components  in  the  disinfectants.
Chemical
components
Acute
oral
(mg/kg  bw)
Acute
dermal
(mg/kg  bw)
Acute
inhalation
(mg/m3)
AMES
test
Chromosome
aberra-
tion
Micronucleus
test
Fish-LC50
(mg/L)
Daphnia
sp.-EC50
(mg/L)
Alga-EC50
(mg/L)
Citric  acid 3000  >2000  —  N  N  —  440—760 120  640
Sodium
dichloroisocya-
nurate
1500 >2000  <1170  N  N  —  0.25—0.65  0.11—0.28  2700
Malic acid 3200  —  >1306  N  N  —  79.4  240  >100
Glutaraldehyde 285  1800  96  P1 N  N  11.2  0.35  2.1
Phosphoric acid 2000  1260  856  N  N  —  75.1  >376  32
Sodium hexam-
etaphosphate
4320  —  >3690  N  —  —  >100  >485  >100
Sulfuric acid  2140  —  850  N  P  —  16—28  29  0.13
Sodium dodecyl
benzene
sulfonate
438  >2000  310  N  —  N  3.2—5.6  6.3  70.27
Sodium lauryl
sulfate
1200  600  —  N  N  N  1.39  1.8  0.3
Sodium
hypochlorite
5800 >10,000  >10.5  P  P  N  0.023—0.052  2.1  0.11
Benzal konium
chloride
240  704  54—510  —  N  —  0.32  0.018  0.056
Sulfamic aicd  1312  >2000  —  N  N  N  70.3  71.6  48
Formaldehyde 600—700 270  578  P  P  P  24.8  5.8  3.6
Potassium
carbonate
1870 1.57  >500  N  N  —  510  650
Alkyldimethyl-
benzylammonium
chloride
240 704  —  N  N  —  0.32  0.039  0.056
Propylene glycol  22,000  20,800  —  N  N  N  51.600  18,340  19,000
Iodine 10,000  >1425  >4588  —  P  —  0.01  0.33  0.13
Sodium chloride 3000  —  —  N  N  —  6.094  402  1000
Sodium silicate 1100  464,000  2060  —  N  —  260—310 216  207
Sodium carbonate  2800  >2000  1200  N  —  —  330  220—227  —
HBTA (coal  tar)  1700  15,800  —  —  —  —  0.43  0.48  16.28
2-Propanol 4710—5840  12,870  72,600  N  N  N  9640  10,000  >1000
Lactic acid 3730  4500  7490  N  N  —  320  240  3500
Hydrogen peroxide  75  >2000  4  (mg/L)  —  N  —  22  2.32  0.71
Sodium cyanate  4000  >2000  —  N  N  —  0.12  0.353  0.258
Phenol 340  660—707  177  P  N  —  5.02  3.1  61.1
Cresol 1454  2000  4  N  P  N  12.8  7—33.9  137
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Xylenol  5000  —  —  —  —  —  5.0—10  150  60
4-Chior-m-cresol 3636—5129  >5000  >0.704  (mg/L)  N  —  —  4050  2  10
Sodium
bicarbonate
7334 —  >4.74  (mg/L)  N  N  —  7700  4100  650
Acetic acid 3310  1060  11.4  (mg/L)  N  N  —  251  65  1962.67
(ECOSAR
calculated)
Polysorbate 20  37,000  —  —  —  —  —  350  94,939
(ECOSAR
calcu-
lated)
62,391
(ECOSAR
calculated)
D,L-Tartaric  acid  4360  —  —  N  —  —  5.06  ×  105
(ECOSAR
calcu-
lated)
1.83  ×  105
(ECOSAR
calcu-
lated)
23,616
O-phenylphenol  2700  >500  >36  N  N  N  5.99  1.5  5
Carbaryl >850  >4000  —  N  P  —  0.27  0.012  3.18
Terpineol >2000  >2000  4.76  N  N  —  8.004  5.495  4.651
Guaiacol 725  4600  3.78  N  P  —  >100  25.9  270
Calcium oxide  >2000  >2500  —  N  N  —  1070  259.6  184.5
Didecyl dimethyl
ammonium
chloride
84—331  2930  0.07  (mg/L)  N  —  N  0.72—2.4  0.01—0.16  0.11
Carvacrol 810  2700  430.1 N  —  —  4.1  10  5.0
Glyoxal 640—8979  >2000  2400  P  P  N  86—215  404  >500
2-Ethylhexanol 3730  >8300  >2000  (mg/L)  N  N  —  10—33  39  11.5
Adipic acid  5560  7940  7700  N  N  —  97  85.6  26.6
Ammonium
sulfamidate
2000 —  —  —  —  —  650  —  —
Chlorine dioxide  94  (mg/L)  —  89  N  —  —  10,000  1.8  —
Cloﬁbrate 940  —  —  N  N  —  7.7  6.513  2.332
Disodium
metasilicate
1280 >5000  >2.06  (mg/L)  N  N  —  210  1700  207
Ethanol 7060  20,000  >60,000  (mg/L)  N  N  N  <10  2.5  8
Glucose 25,800  —  —  —  —  —  2.77  ×  106 7.6  ×  105 43,168
Methanol 5628  15,800  64,000  (mg/L) N  N  —  20,100  >10,000  28,400
Ortho-
dichlorbenzene
500 —  1532  (mg/L)  N  N  P  15.5  0.74  2.2
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Table  1  (Continued)
Chemical
components
Acute
oral
(mg/kg  bw)
Acute
dermal
(mg/kg  bw)
Acute
inhalation
(mg/m3)
AMES
test
Chromosome
aberra-
tion
Micronucleus
test
Fish-LC50
(mg/L)
Daphnia
sp.-EC50
(mg/L)
Alga-EC50
(mg/L)
Paraformaldehyde 800  —  1075  N  N  N  60  —  —
Povidone iodine  8000  —  —  —  N  P  —  —  —
Tartrazine 12,750  —  —  N  —  —  1.14  ×  1014
(ECOSAR
calcu-
lated)
5706  1.63  ×  1013
(ECOSAR
calculated)
Zinc sulfate  920  >2000  —  N  —  —  0.14  0.07  0.136
Propionic acid  2600  >2000  500—5000  N  N  N  51  50  43.3
Sodium sulfate  5989  >4000  10  N  N  —  12,500  4547  3359
D,L-Malic  acid  1600  —  >1.306  (mg/L)  N  N  —  1.79  ×  106
(ECOSAR
calcu-
lated)
5.86  ×  105 56,282
Dioctyldimethyl
ammonium
chloride
238 2.930  0.07  (mg/L)  —  —  —  0.72—2.4  0.01—0.16  0.11
Alkyl (C12-18)
benzyl  dimethyl
ammonium
chloride
280.8—510.9  704—1100  0.54—0.5  (mg/L)  —  —  —  5.914
(ECOSAR
calcu-
lated)
4.423  0.67
N: negative, P: positive, ECOSAR calculated value (not measured).
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[nvestigation  of  disinfectants  
nd  attached  to  a  linear  alkyl  chain  [16].  Sodium
odecyl benzene  sulfonate  has  mild  acute  oral  tox-
city (438  mg/kg/bw/day)  and  no  effect  on  the
cute  dermal  (2000  mg/kg/bw/day)  toxicity  [17].
here are  no  genetic  effects,  such  as  bacte-
ial reverse  mutation  and  micronucleus  tests  from
odium  dodecyl  benzene  sulfonate.  Sodium  dodecyl
enzene  sulfonate  is  readily  biodegradable  in  the
vailable  aerobic  biodegradation  tests,  including
oil and  the  aqueous  environment  [18].  Sodium
odecyl benzene  sulfonate  is  removed  in  biologi-
al wastewater  treatment  at  percentages  ranging
rom  77%  to  82%  for  ticking  ﬁlters  up  to  99%  for
ctivated sludge  [19,20].  For  sodium  carbonate,  the
cute oral  LD50 for  rats  is  2800  mg/kg/bw/day,  and
he dermal  LD50 in  rats  is  >2000  mg/kg/bw/day.
odium  carbonate  is  not  a  skin  irritant,  but  it
s considered  irritating  to  the  eyes  [21].  Propyl-
ne glycol  is  not  acutely  toxic  and  is  essentially
on-irritating  to  the  skin  and  mildly  irritating  to
he eyes  [22].  Propylene  glycol  does  not  produce
kin sensitization,  and  rats  that  are  repeatedly
xposed are  not  adversely  affected  at  levels  up
o 10%  in  water  or  5%  in  feed  for  periods  up
o 2  years  [23].  Propylene  glycol  does  not  pro-
uce fetal  or  developmental  toxicity  in  rats,  mice,
abbits,  or  hamsters  and  does  not  cause  genetic
oxicity according  to  a  battery  of  in  vivo  (micronu-
leus, dominant  lethal,  chromosome  aberration)
nd in  vitro  (bacterial  and  mammalian  cells,
nd cultures)  studies  [24]. Propylene  glycol  does
ot bioaccumulate  and  does  not  have  freshwater
quatic toxicity.  Glutaraldehyde  is  an  irritant  to  the
kin, eyes,  and  respiratory  tract.  Glutaraldehyde
as an  effect  on  hydrophilicity,  biodegradation,
nd non-bioaccumulation  [25,26]. Formaldehyde
as high  oral  toxicity,  and  the  LD50 for  rats  is
00—700 mg/kg/bw/day.  Formaldehyde  is  irritating
o the  eyes  and  skin  and  has  demonstrated  a  toxic
ffect in  genetic  studies  (e.g.,  bacterial  reverse
utation, chromosome  aberration,  micronucleus
est) [27].  The  toxicities  of  the  components  and
he formulations  of  disinfectants  are  reviewed  here
rieﬂy, but  we  require  more  toxicological  data
o determine  the  toxic  effects  of  the  disinfec-
ants.
oncluding remarks
he  disinfectants  were  typically  diluted  several
undred to  1000-fold  with  water  before  being
istributed throughout  the  environment.  Further
esearch  of  the  risk  assessment  of  the  disinfectants
n the  environment  and  humans  might  be  needed
[
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ith  diluted  disinfectants,  and  monitoring  of  the
omponents  in  the  environment  is  necessary  for  a
isinfectant  risk  analysis  in  the  future.
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